Previous research has suggested that gardening activity could be an effective form of 2 regular exercise for improving physical and psychological health in later life. 
Introduction
The present study thus comprised a partial replication of Park et al.'s 23 examination of exercise intensities of gardening activity (2008a; 2011) . In the interest 24 of creating a more externally valid result, participants were asked to perform the 25 gardening tasks in the same manner they would on their own allotment rather than as instructed by the experimenter. This way the result can be compared to everyday The present study aimed to expand the evidence base related to the exercise 9 intensity of gardening tasks by recruiting experienced allotment gardeners rather 10 than community-dwelling older adults (with no specific gardening history) as studied provision, and data now shows that it is a common leisure activity within the older 14 population (Milligan et al., 2004) . We have previously suggested that because 15 allotment gardens are typically larger than the average home garden, allotment 16 gardening may require more regular attendance and thus contribute larger quantities 17 of physical activity to an individual's weekly levels (Hawkins et al., 2011) . If this is the 18 case; it is feasible to suggest that allotment gardeners may reach higher physical 19 activity intensities when carrying out gardening tasks. Perhaps, those experienced in 20 conducting gardening tasks may be more efficient and have higher levels of 21 motivation to complete these.
22
The recommendation of allotment gardening as a leisure pursuit for promoting 23 health and wellbeing in later life requires the extension of the existing data on 24 exercise intensity of gardening tasks to a sample of allotment gardeners.
25
Furthermore, in order to provide an accurate picture of the physical activity intensities of gardening it is vital that data are gathered about the physical activity intensity 1 levels of gardening tasks among a population who have varying levels of experience 2 in gardening and in different settings across the world. Park and colleagues have 3 presented key data regarding novice or non-gardeners in the USA and Korea. The 4 aim of the present study was to determine the exercise intensity levels of a range of 5 gardening tasks in an experienced allotment gardener population in a UK setting.
(PAR-Q; Canadian Society for Exercise Physiology, 2002) . The PAR-Q is a medical 23 screening tool for establishing safety to take part in physical activity and contains 24 questions such as "Do you feel pain in your chest when you do physical activity?".
Thirty potential participants met the inclusion criteria and were invited to take part in the study via an invitation letter containing a full information sheet detailing the study 1 procedures and requesting individuals to telephone or email the researcher if they 2 wished to participate in the study. Twenty-one individuals responded to the letter; of 3 which three declined participation in the study. The remaining 18 individuals 4 expressed their willingness to participate and were subsequently enrolled to take part 5 in the study.
6
Participants were provided with a schedule and information package 7 providing details of experimental and ethical procedures prior to their participation in 8 the study. Additionally, participants were advised to abstain from caffeine and a 9 heavy meal two hours prior to participating in the study, and to wear comfortable 10 clothing including a pair of boots suitable for gardening activity. An incentive of £10 11 was provided to participants upon completion of the study. Table 1 The gardening tasks were orally described to participants before the 24 experiment began, and prior to each task being carried out the researcher physically 25 demonstrated the components of the task. Participants were advised to complete each gardening task in the same manner they would if they were at their allotment.
1
The participants' completed each task for 10 minutes followed by a five minute 2 resting time while sitting on a chair. Ten minutes has been established as a sufficient 3 time to reach maximum heart rate in older adults (Park et al., 2008a) . The 4 participants were also free to take a rest during any of the gardening tasks due to 5 fatigue; however no participants chose to do so. Participants completed all six 6 gardening tasks in one session in the following order: weeding, raking, digging, 7 mixing soil, filling containers with soil, and sowing seeds. The order of these tasks 8 was based on the work of Park et al. (2008a) and was designed to replicate regular 9 gardening.
10
The materials required for the gardening tasks included a hand fork, rake, 
20
The participant's heart rate was also continuously monitored throughout the 21 gardening tasks using a chest strap monitor (Polar Electro, RS4000, Kemple,
22
Finland) which recorded heart rate via radiotelemetry to the base station of the 23 portable Oxycon™ device. Participants were advised to complete each gardening 24 task in the same manner they would if they were at their allotment. 
Exercise Intensities of Gardening Tasks

15
The six gardening tasks completed by participants ranged from low to high intensity 16 physical activities (Table 3) . Digging had a mean of 5.7 METs (SD ±1) and was 17 therefore classed as a high-moderate intensity activity (~6 METs). Raking (4.6 ±0.8),
18 weeding (4.6 ±0.8), and mixing soil (3.2 ±0.5) were all classed as moderate physical 19 activities (3-6 METs). Filling containers (2.3 ±0.6) and sowing seeds (1.9 ±0.5) were 20 both classed as low intensity activities (1-3 METs). The results of independent t-tests
21
showed that there were no significant differences between male and female 22 participants for any of the metabolic measurements on all six gardening tasks.
23
As seen in Table 4 , energy expenditure during high-moderate intensity 24 gardening tasks (M = 24.33, SE = 1.19) was found to be significantly greater than six gardening tasks were determined to be low to high-moderate intensity physical 18 activities based on their metabolic values (1.9 -5.7 METs).
19
As noted at the outset little attention has focused on determining the exercise (2012) have tested a range of horticultural therapy programs for exercise intensity.
6
They found that creating a vegetable garden consists of a range of moderate 7 physical activity gardening tasks, resulting in the overall activity, 'making a garden ', 8 being classified as a moderate intensity physical activity. Whereas completing activity 9 programs like propagating herbs or transplanting seedlings were found to be low 10 intensity physical activities and would therefore be suitable for individuals that require 11 a lower level of physical activity or have other special needs.
12
Gardening has the advantage of being a directed and long term focus activity
13
(Restuccio, 1992) as it involves the responsibility of taking care of a garden 14 continuously (Relf, 1981) and this may promote regular and long-term involvement.
15
In addition, gardening can help maintain motivation and interest, which has proven to 16 be difficult with physical activity in older adults (Brawley et al., 2003 benefits of low or moderate intensity gardening tasks over time.
5
In conclusion, the present study indicates that a range of gardening tasks 6 provide low to high-moderate intensity physical activity (1.9 -5. 
Gardening Tasks Description
Hand Weeding
With a standard hand fork (wood and stainless steel), squatting or sitting in a grassy area with weeds, some moving as they complete an area.
Raking
Raking a 2 m x 2.5 m garden plot with a standard soil rake (wood and stainless steel), including the removal of stones, weeds, and bark form the surface.
Digging
Digging over a 2 m x 2.5 m garden plot with a standard digging shovel (wood and stainless steel). Participants were informed not to dig a big hole.
Mixing Soil
Mixing and moving soil between two buckets (30 cm diameter) with their hands, performed while the bucket was standing on a table (table dimensions: 110 cm x 55 cm x 76 cm).
Filling Containers with Soil
Filling 6 cm fiber pots with previously mixed soil from a bucket (30 cm diameter) by hand, performed while the bucket was standing on a table (table dimensions: 110 cm x 55 cm x 76 cm).
Sowing Seeds
Creating a small hole in previously filled pots with either finger or a small stick and then sowing beetroot seeds (Beta vulgaris) and covering over. 2.3 ± 0.5 5.7 ± 1.0 -10.41* 13
4.6 ± 1.0 5.7 ± 1.0 -5.10* 13
Note. Values are M ± SD, *= p <.0001. 4
